The proportion of the horses, of both sexes and of different ages, breeds and levels of activity, owned by a stratified random sample of Australian owners, which had suffered one or more episodes of exertional rhabdomyolysis during the previous 12 months was determined. The proportion in the general population was 1·9 per cent, and horses which exercised were significantly more likely to have experienced the condition than horses which did not. There were significant differences between the sexes and between certain breeds and activity groups in the proportions of horses affected.
EXERTIONAL rhabdomyolysis or exercise-induced myopathy is the most common muscle disorder that affects athletic horses (Freestone and Carlson 1991) . Its clinical signs can vary from stiffness of gait and pain on palpation of muscles after exercise in mild cases, to myoglobinuria, recumbency and death in severe cases (Hodgson 1993) .
The aetiopathogenesis of the condition is complex and the biochemical and pathophysiological changes leading to the clinical signs are poorly understood. Several causes and risk factors have been proposed to explain why an individual horse may suffer an episode or repeated episodes. They include a dietary excess of carbohydrates others 1998, MacLeay and others 1999a, b) , a day of rest before exercise or other variations in exercise routine (Frauenfelder and others 1986, MacLeay and others 1999a) , vitamin E deficiency (Roneus and Hakkarainen 1985, Petersson and others 1991,) being young (Frauenfelder and others 1986, Harris 1991) , stress (MacLeay and others 1999a, c), being female (Harris 1991, MacLeay and others 1999a) , hypothyroidism (WaldronMease 1979) , electrolyte imbalance (Harris and Colles 1988, Harris and Snow 1991) , defects in metabolism (Valberg and others 1993a , 1997 , Valentine and others 1997 , and dysfunction in muscle contraction and calcium regulation (Beech and Lindborg 1993 , Hodgson 1993 , Lentz and others 1999a , b, Ward and others 2000 .
As a result of the failure to find a unifying cause or satisfactory treatment for exertional rhabdomyolysis, it has been proposed that the condition may be due to several different underlying muscle diseases that induce similar clinical signs others 1999a, Valberg and others 1999) . Particular myopathies in horses that show clinical signs consistent with exertional rhabdomyolysis have recently been identified in certain breeds of horses, including a polysaccharide storage myopathy in quarter horses (Valberg and others 1996 (Valberg and others , 1997 (Valberg and others , 1999 and some draught breeds (Valentine and others 1997) , and a NADH reductase deficiency in an Arabian horse (Valberg and others 1997) . In thoroughbreds, the clinical signs have been suggested to be due to a heritable defect in calcium regulation others 1999b, MacLeay and others 1999a) , and other studies have demonstrated a familial basis for the disease in quarter horses (Valberg and others 1996) and standardbreds (Collinder and others 1997) .
In view of the complicated, multifactorial nature of the condition, it is unlikely that the cause(s) will be identified solely by laboratory-based research involving a small number of affected horses. Multifactorial diseases require a population-based approach if the risk factors are to be successfully identified (Reeves 1997) . There have been quantitative studies of the condition in the UK and the USA (Harris 1991 , MacLeay and others 1999a , McGowan and others 2002a .
In the UK, a retrospective analysis of laboratory data found that female horses were more likely to be affected than males (Harris 1991) . In racehorses in training, the incidence over one racing season has been estimated to be 4·9 per cent in the USA (MacLeay and others 1999a) and 6·7 per cent in the UK (McGowan and others 2002a) . These studies also reported that females and horses assessed as being nervous or very nervous were significantly more likely to be affected. In the USA, lameness was also a significant risk factor. The incidence in polo horses in the USA and the UK has been reported to be 7·3 per cent (McGowan and others 2002b) . Although they were not specifically designed to investigate the condition, other epidemiological studies have indicated that exertional rhabdomyolysis is a common cause of disability in athletic horses. In a study of wastage in thoroughbred racehorses in the UK, 11·4 per cent of 314 two-to four-year-old thoroughbreds had had one or more episodes of the condition (Jeffcott and others 1982) , whereas less than 1 per cent of pleasure horses in Scotland were estimated to have been affected (Mellor and others 2001) . Whether this lower prevalence was due to usage, breed or geographical differences is unclear. The prevalence in a population of premier thoroughbreds in Sydney was estimated to be 6 per cent (Bailey and others 1999) .
There is no other population-based information about the prevalence of exertional rhabdomyolysis among racehorses in Australia, and its prevalence in all other breed and activity groups of horses is unknown. As a result of this absence of information, compounded by the multifactorial nature and physiological complexity of the condition, it continues to affect horses repeatedly (Bailey and others 1999) despite many methods having been used in attempts to treat it. In order to reduce the occurrence and recurrence of exertional rhabdomyolysis in horses in Australia, detailed population-based data are required.
This paper describes a questionnaire-based investigation designed to estimate the prevalence of exertional rhabdomyolysis among different types of horses in Australia; it is an initial step in a larger investigation of the epidemiology of the condition in Australian horses. In this preliminary study, univariable analyses were applied to identify the demographic characteristics that were associated with the condition, so that these characteristics could be further investigated by the analysis of more comprehensive data obtained later.
MATERIALS AND METHODS

Study design and sample population
The study was a cross-sectional, postal questionnaire-based study of Australian horse owners and trainers.
Papers & Articles
Veterinary Record (2004) 155, [625] [626] [627] [628] [629] [630] The Australian Equine Veterinary Association (AEVA) was considered to be the largest and most concentrated source of veterinarians working with horses in Australia. To ensure that sufficient numbers of owners and veterinarians were recruited for this and further studies, all AEVA practices were contacted by post and telephone. The veterinarians were invited to consent to their clients receiving a questionnaire about exertional rhabdomyolysis; the practices were contacted by telephone up to three times for this purpose.
Forty-eight of the 449 practices contacted supplied the addresses of approximately 20,000 horse owners. A stratified random sample of these owners, proportional to the size of each practice, was entered into a database (Microsoft Access). The required sample size was calculated so that the prevalence of the condition could be estimated with a desired level of accuracy and a desired measure of confidence. The number of horses required to estimate the period prevalence (defined as the proportion of horses affected one or more times during the previous 12 months) in a large population with a 95 per cent confidence interval was calculated using the formula:
Number of horses = 3·84 x P exp x (100 -P exp ) d 2 where P exp is the expected percentage prevalence and d is the desired absolute precision (Thrusfield 1995) ; P exp was set at 7 per cent (Bailey and others 1999) and d was set at 2 per cent, giving a required number of 625 horses. Assuming a 50 per cent response rate (Dillman 2000) this figure was doubled to 1250. A survey of veterinary practices in Scotland and northern England found that the median number of horses owned by clients was 2·0 (Mellor and others 2001) , but in the present study the veterinarians did not indicate how many horses each of their clients owned. To ensure that data about sufficient horses were collected, it was assumed that each owner had one horse. In the interest of maintaining the commitment of the veterinarians who had contributed clients to the study and were to be involved in the future case-control study, the number of questionnaires sent to each was rounded up to the nearest 10; a smaller number could have led some practitioners to believe that their clients were of little significance to the overall study. As a result, a revised sample size of 1540 questionnaires was obtained. A cover letter, one page in length, was enclosed with each questionnaire to explain the objectives of the study and to invite the owners to complete the questionnaire and participate in further studies.
The questionnaire
In order to avoid a biased response that might affect the estimation of the prevalence of the condition, a general questionnaire was designed; it is available on request from the corresponding author. No case definition of exertional rhabdomyolysis was provided, because of the desire to limit the potential selection bias that might occur if owners were made aware of the specific interest of the study. The condition was referred to as 'tying-up', the term used and recognised by horse owners. This was a potential source of misclassification, but recent research has shown that there is good agreement between diagnosis of the condition by owners and trainers and its biochemical diagnosis (McGowan and others 2002b) . No definitions of each health problem were provided because they would have made the second section of the questionnaire confusing and long, and might have affected the response. The questionnaire was designed to fit on one double-sided standard A4 page, which when folded in half produced an A5-sized booklet. The booklet had a title page, two pages of questions, and an optional section on the back page where owners could volunteer to participate in future studies. Open-ended questions were used to request information on the breed, age, sex and primary use of each horse owned. Information covering a variety of common health problems, including tyingup, was collected by means of a semi-open-ended question, the owners being asked to indicate whether each of their horses had experienced any of the conditions listed one or more times during the past 12 months. The questionnaire was pretested among a group of veterinary colleagues and horse owners who would not be involved in the full study. They were asked to read the cover letter and complete the questionnaire, to comment on both documents, and to indicate how long it took them to complete the questionnaire. The questionnaire was then refined in accordance with their comments. The final questionnaire was sent with a reply-paid envelope to the sample group and followed by two subsequent mailings, one month apart, a modified version of the total design method for questionnaire research others 2000, Dillman 2000) .
Data management
The data in the responses were entered into a database, checked for errors and analysed statistically by using appropriate software (Microsoft Excel and Minitab). The period prevalence was calculated as the percentage of the total population or sector of the population that had experienced one or more episodes of 'tying-up' during the previous 12 months. The significance of the differences between the period prevalence of the condition among different breeds and activity groups was assessed by a chi-squared test, and an odds ratio (OR) was used to measure the univariable association between certain demographic characteristics and the prevalence of the condition. A Mann-Whitney U test was used to compare the ages of the horses which had or had not suffered the condition. Statistical significance was set at P<0·05 for all the tests.
RESULTS
Response rate
Approximately 10 per cent of the questionnaires were received marked 'return to sender' . Of the 1372 questionnaires delivered to the horse owners 688 were returned, a 50 per cent response rate, and they gave information about 4015 horses. There were complete records for 3901 (97 per cent) of these horses, and only these complete records were used for the statistical analysis.
Exercising and non-exercising horses
Horses described by their owners as used only for 'breeding' , or 'pet' ,'paddock' ,'resting' or 'retired' , were considered as nonexercising. The percentage prevalences of owner-reported tying-up in the exercising and non-exercising horses over one year of age, and in the whole population, are shown in Table  1 , together with the 95 per cent confidence intervals (CIs) of these percentages. The exercising horses had a significantly higher prevalence of the condition than the non-exercising in many different activities, so that comparisons could be made between the prevalence of the condition in horses of different activity types and different breeds. However, the extent to which the results of the survey may be applicable to the entire horse population in Australia is limited, because the response rate to the questionnaire was only 50 per cent and the population includes only horses whose owners have used a veterinarian in the past. The response rate was lower than the 72 per cent recorded in a similar questionnaire-based study of equine veterinarians in Australia (Christley and others 2000) . The response rate to the questionnaire may have been lower because of its broader target audience and by the fact that, owing to privacy restrictions and variations in the data supplied by the veterinary practices, it was not possible to administer it by telephone or, in some cases, to use the owner's first name (Dillman 2000) . As with all questionnaire-based research, it must be considered that the horse owners who responded may have been different in some way from those who did not. Bias was also introduced into the study because the veterinarians had volunteered to take part.
There may be substantial clustering of horses among veterinary practices and among owners, which may increase the standard error of the estimates for the prevalence of the condition in different sectors of the population, and widen the confidence limits. However, this potential source of error would have been minimised by the large number of horses investigated. It was not possible to sample all the owners from each practice and, instead, a stratified random sample of the owners, proportional to the size of each practice, was selected, to ensure that each practice was represented, rather than to investigate differences between practices. A stratified analysis would not have been appropriate because only 48 out of a possible 449 strata were represented. The analyses were horses (P<0·0001). Further analyses were restricted to the 2144 exercising horses over one year of age. Table 2 lists the primary activities of the exercising horses, Table 3 lists their breeds and Table 4 shows the distribution of the sexes. Their ages ranged from two to 35 years and were not normally distributed; their median age was 7·0 years and their mean age was 8·9 years. Table 5 shows the prevalence of tying-up among horses of different breeds, Table 6 shows its prevalence among horses with different primary activities, and Table 7 shows the prevalence in male and female horses. In view of the low prevalence of the condition in the whole population the smaller breed and activity groups were amalgamated into 'other' categories. Table 8 shows that there were significant differences in the prevalence of the condition among the activity groups (P<0·0001) and the different breeds (P=0·002). Table 8 also shows the odds ratios of univariable comparisons between these groups. The horses that experienced tying-up ranged from two to 22 years of age. The ages of the horses which did and did not experience the condition were not significantly different; the estimated median age of both groups was 7·0 years.
Demographic characteristics
Types of horses that had been affected during the previous 12 months
DISCUSSION
This is the first cross-sectional, questionnaire-based study of exertional rhabdomyolysis in Australia. Other questionnairebased studies of the condition have been carried out in the USA (MacLeay and others 1999a) therefore not performed in a stratified manner, but the population of horses was treated as a simple random sample; as a result, the estimates of the prevalence of the condition are more conservative. Another limitation of the study is that it relied on the horses' owners to diagnose the condition and report it, with the risk that some cases may have been misdiagnosed. However, in a similar study in the UK and the USA there was 100 per cent agreement between the biochemical diagnosis of the condition and owner-reported episodes in nine polo horses (McGowan and others 2002b) . The prevalence of the condition reported by the owners during the course of a year in horses over the age of one year was 1·9 per cent (95 per cent CI 1·5 to 2·4 per cent). It is considered to be an exercise-induced condition, and the prevalence was significantly higher among the exercising horses than among the non-exercising horses. Using the odds ratio (OR) as an approximate indication of relative risk, the exercising horses were estimated to be 10·4 times more likely to suffer an episode of exertional rhabdomyolysis than nonexercising horses (95 per cent CI 3·8 to 28·6 per cent). As a result, the further analyses and discussion concern only the exercising horses. It is possible that this group of horses may have had a less severe or a chronic form of the condition, because they had not been forced to retire from activity.
Fourteen types of activity were reported by the horses' owners, and the condition was reported to occur in horses in 11 of them (Tables 2, 6 ). The prevalence of the condition in the exercising horses was 3·4 per cent (95 per cent CI 2·6 to 4·1 per cent). Other studies have reported the prevalence and incidence of the condition in particular groups of horses (Bailey and others 1999 , MacLeay and others 1999a , Mellor and others 2001 , McGowan and others 2002a . In Scotland, the prevalence of the condition in pleasure horses was reported to be 1 per cent (Mellor and others 2001) , which is similar to the prevalence of 1·0 per cent (95 per cent CI 0·1 to 1·8 per cent) calculated for the pleasure horses in the present study. In the USA and UK, respectively, the incidences of the condition in racehorses over one racing season were 4·9 and 6·7 per cent (MacLeay and others 1999a, McGowan and others 2002a), similar to the 5·4 per cent (95 per cent CI 3·5 to 7·2 per cent) of the racehorses in this study which suffered an attack during the year. This figure indicates the minimum incidence rate because the owners reported only whether their horses had experienced an episode during the previous 12 months, but not whether they had had more than one episode. The figure is also similar to the 6 per cent reported in a study of the wastage rate in a cohort of racehorses in Sydney (Bailey and others 1999) ; this study involved a premier group of racing horses, whereas the present investigation included rural and metropolitan racehorses at more varied levels of competition and performance. Another questionnaire-based study of owners in the UK and the USA reported that over one season the incidence of the condition in polo horses was 7·3 per cent (McGowan and others 2002b) . In the present investigation the prevalence in polo horses was 13·5 per cent; however, this higher rate had a wide 95 per cent CI (5·7 to 21·3 per cent), possibly because there were only 74 polo horses, and the true prevalence may be closer to that reported in other studies.
Horses have been reported to suffer episodes of exertional rhabdomyolysis after various types and intensities of exercise (Frauenfelder and others 1986, Valberg and others 1993b) . In this study, using racehorses as a reference category, horses used for pleasure were significantly less likely to experience the condition (OR=0·2, 95 per cent CI 0·1 to 0·4), whereas polo horses were more likely to experience it (OR=2·8, 95 per cent CI 1·3 to 5·9), suggesting that horses undergoing more intense exercise are more likely to experience the condition. Racing and polo could also excite horses more than quieter activities such as pleasure riding, and nervousness has been implicated in the aetiology of the condition others 1999a, McGowan and others 2002a, b) . More complex, multivariable analyses would be required to assess the effect of activity on the incidence and prevalence, and determine whether activity has an effect over and above the effects of other potential risk factors, such as breed, sex, age, diet, rest, temperament and fitness (Frauenfelder and others 1986 , Harris 1991 , MacLeay and others 1999a , Valberg and others 1999 .
There were 13 breeds represented in the population of exercising horses. Exertional rhabdomyolysis affects horses of several breeds (Harris 1991) and several of the 13 breeds were reported to have experienced it, including warmbloods, quarter horses, Arabs, standardbreds, Australian stockhorses, thoroughbreds and one Welsh pony. It has been suggested that in thoroughbreds, quarter horses and standardbreds the condition is heritable (Valberg and others 1996 , Collinder and others 1997 , MacLeay and others 1999b . Recent research suggests that there are different underlying causes for the condition in different breeds, because thoroughbreds and quarter horses with similar clinical signs have been shown to have different underlying abnormalities (Valberg and others 1999) . In this study, the thoroughbreds were more likely to have had the condition than most other horses (OR=0·2, 95 per cent CI 0·1 to 0·4), though in some other breed groups the analyses were limited by small numbers. However, this may be due to the activity of the thoroughbreds, as 55·6 per cent of them (447 of 803) were reported as being used primarily for racing. Exertional rhabdomyolysis has often been reported to be more common in females than males, and fillies have been shown to have greater fluctuations in muscle enzyme activities during race training (Frauenfelder and others 1986 , Harris 1991 , MacLeay and others 1999a . In this study, sex was not significantly associated with the condition in the exercising population over one year of age, although the females' OR of 1·6 (95 per cent CI 1·0 to 2·5) suggests that they tend to experience it more than males. Female horses were found to be significantly more likely to experience the condition in an epidemiological study of racetracks in the USA and the UK others 1999a, McGowan and others 2002a) , and in the present study female racehorses were almost three times more likely (OR=2·9, 95 per cent CI 1·4 to 6·3) to experience it than male racehorses. It is possible that the horse's sex affects the occurrence of the disease differently in horses of different breeds, ages or types of usage, as is suggested by the differences observed in the effect of sex on the condition in the exercising population and the racehorses in this study. In a study of thoroughbreds, the condition was associated with sex (MacLeay and others 1999a), but in a study of polo horses (McGowan and others 2002b) there was no association.
Exertional rhabdomyolysis has been reported to occur in horses of a range of ages, from foals to horses more than 15 years old (Harris 1991) . In this study it occurred in horses ranging from two to 22 years of age; horses less than a year old were excluded because their exercise status would have been uncertain. The condition has been associated with younger racehorses (MacLeay and others 1999a) and in younger horses in a retrospective, laboratory-based study (Harris 1991) , but age was not a significant factor in the occurrence of the disease in polo horses in the UK and the USA (McGowan and others 2002b) . In the present study the condition was not significantly associated with the ages of the exercising horses, but this result should be interpreted with caution in view of the differences in sex, breed and activity, and the age at which horses typically begin their different activities.
The prevalence of exertional rhabdomyolysis in the population of exercising horses was estimated to be 3·4 per cent. It affected a variety of Australian horses, of many different breeds, activity groups and ages. The more active groups, such as racehorses and polo horses, were more likely to be affected than pleasure horses. The horses' sex and age were not significantly associated with the condition but there was a tendency for females to be more affected than males. Overall the results show that its prevalence was different in different sectors of the horse population, and these differences may provide support for the theory that there are different underlying aetiologies for the condition in different groups of horses.
